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DESCRIPTION 

INFORMATION RECORDING APPARATUS AND METHOD, 
INFORMATION RECORDING / REPRODUCING APPARATUS AND 
5 METHOD, AND 

COMPUTER PROGRAM 



Technical Field 
[0001] 

10 The present invention relates to an information recording apparatus, 

such as a write-once type (or recordable) optical disc recorder, for example, for 
recording information onto an information recording medium, such as a 
recording type optical disc, an information recording method of detecting an 
optimum recording power, executed on the information recording apparatus, 

15 an information recording / reproducing apparatus, and an information 
recording / reproducing method. 

Background Art 
[0002] 

20 On an information recording / reproducing apparatus for recording 

information onto an information recording medium, such as an optical disc, 
for example, calibration of a recording laser power is performed by an 
Optimum Power Control (OPC) process according to the type of the optical 
disc, the type and the recording speed of the information recording / 

25 reproducing apparatus, and the like, to thereby set an optimum recording 
power. This corresponds to variations in recording features of an 
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information recording surface of the optical disc. For example, if the optical 
disc is inserted or loaded and a command to write is inputted, light intensity- 
is changed sequentially step-by-step, and test writing data is recorded into an 
OPC area, which is an exclusive test writing area, and a so-called trial 
5 writing process is performed. After that, the test writing data recorded in 
this manner is reproduced. The reproduction result is judged by a 
predetermined evaluation standard, to thereby set the optimum recording 
laser power. 
[0003] 

10 More specifically, for example, in the case of a DVD-R, the OPC area is 

provided with about 400 ECC blocks (clusters), for example, and one ECC 
block is equivalent to 16 sectors, for example. Here, the "one ECC block' 1 is a 
management unit on a disc-shaped storage device, and the smallest unit upon 
error-correcting. In particular, this 1ECC block is about 83mm long in a 

15 track direction, for example, and as described later, it can perform error 
correction on an about 5mm defect. On the other hand, the "sector" is the 
smallest data management unit by pre-format address information in which 
the record data is error-correctable. Moreover, this one sector is equivalent 
to 26 sync (or synchronization) frames, and one sync frame (hereinafter 

20 referred to as a SF, as occasion demands) is formed from a pre-pit, which is 
the smallest unit of an address structure. The 4SF is regarded as a unit of 
the power-step of one OPC process, for example. 
[0004] 

Using the unit of the power-step, if the one OPC process is provided 
25 with 11 power-steps, for example, the shortest pit length, 2T, and the longest 
pit length, 8T, of an 8/16 modulated test signal are recorded, with respect to 
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44SF, with an 11-stage laser power, to thereby perform the OPC process. 
Namely, 44SF (i.e. about 1.7 sectors) are used for one OPC process. Then, an 
"OPC pattern", which is a predetermined pattern including a plurality of test 
writing recording pits (i.e. OPC pits), is recorded in each power step, with 
5 respect to each 4SF. 
[0005] 

Therefore, for example, in one disc or one OPC area provided for the 
one disc, it is possible to perform the OPC process about 3800 times 
corresponding to the total number of ECC blocks (about 400 ECC blocks). 
10 [0006] 

In addition, there is also disclosed a technology, named as running 
OPC, of adjusting a recording laser power in real time, in response to the 
condition of the recording surface where the writing is actually performed, at 
the time of writing. 
15 [0007] 

Patent document 1- Japanese Patent Publication NO. 3159454 

Patent document 2- Japanese Patent Application Laid Open NO. 

2002-352517 

20 Disclosure of Invention 

Subject to be Solved by the Invention 
[0007] 

However, the fact that spin coating is used in most cases as a general 
method of manufacturing the write-once type optical disc, as one factor, 
25 triggers the variations in recording features in the position of the information 
recording surface of the write-once type optical disc. More specifically, it 



3 



turns out that the value of the optimum recording power increases with 
movement from the inner to the outer circumferential side. Then, with 
respect to the optical disc, it is not desirable to apply the value of the optimum 
recording power detected in the OPC process performed in the OPC area 
5 located on the inner circumferential side, at a constant state on the outer 
circumferential side, in terms of a proper recording operation corresponding 
to the features of the information recording surface. 
[0009] 

Moreover, if the data is recorded at different speeds onto the same 
10 optical disc, the optimum recording power also greatly depends on the 
recording speed. If writing is performed at a different speed, such as a 4x 
speed, with the value of the optimum recording power detected in the OPC 
process performed at a lx speed, it is difficult to perform the proper recording 
operation corresponding to the features in the position of the information 
15 recording surface. 
[0010] 

In this regard, the following method has been used; namely, the 
recording features corresponding to the type of the optical disc, the position of 
the information recording surface, and the recording speed, are researched in 

20 advance, and the reference value of the optimum recording power based on 
the recording features corresponding to the parameters, such as the type of 
the optical disc, is registered in the firmware of a disc drive, and in the actual 
recording operation, the registered reference value is used to estimate the 
value of the optimum recording power. Thus, it is necessary to mount 

25 algorithm for estimating the value of the optimum recording power, in the 
firmware program of the drive. However, a change in recording features is 
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not always simple, but sometimes exponential, so it is anomalistic. Thus, 
there is a technical problem that it is actually difficult to accurately estimate 
the amount of the change in the value of the optimum recording power. 
Moreover, in this case, if a new optical disc is released, in order to properly 
5 record information onto the optical disc, it is necessary to update the 
firmware program of the disc drive to register information about the 
recording features of the new optical disc. However, particularly in the case 
of a DVD recorder for consumer use, a user hardly or does not voluntarily 
update the firmware program at all, and the present situation is that it is 
10 practically difficult to perform the recording operation corresponding to the 
recording features of the new optical disc. 
[0011] 

In order to solve the above-mentioned conventional problem, it is 
therefore an object of the present invention to provide an information 

15 recording apparatus which enables accurate detection of the value of the 
optimum recording power corresponding to the variations in recording 
features of the information recording surface, with respect to the information 
recording medium, such as the write -once type (or recordable) optical disc, 
and an information recording method of detecting the optimum recording 

20 power, executed on the information recording apparatus, an information 
recording / reproducing apparatus, an information recording / reproducing 
method, and a computer program. 

Means for Solving the Subject 
25 [0012] 

(Information Recording Apparatus) 



5 



Hereinafter, the information recording apparatus of the present 
invention will be explained. 
[0013] 

The above object of the present invention can be achieved by an 
5 information recording apparatus provided with* a recording device capable of 
recording information into a data area of an information recording medium, 
by irradiating laser light, in conformity with a predetermined error correction 
method; an optimum-recording-power detecting device for obtaining an 
optimum recording power of the laser light, by recording test writing data 

10 into a data area portion with a length which is equal to or less than an 
allowable defect length in the predetermined error correction method, within 
the data area, by using the recording device; and a controlling device for 
controlling the recording device to record the information into the data area 
with the obtained optimum recording power. 

15 [0014] 

According to the information recording apparatus of the present 
invention, firstly, if the information recording medium is loaded, a seek 
operation is performed by an optical pickup or the like, for example, to 
thereby obtain the data which will be reproduced by a decoder, for example. 
20 By this, various management data required for various processes of the 
information recording medium is obtained. On the basis of the management 
data, the information recording medium is accessed, in accordance with an 
instruction from a host apparatus or a backend or the like, for example. 
[0015] 

25 Then, if a command to write is inputted from the host apparatus or 

the like, the recording device is displaced to an OPC area, which is an 
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exclusive test writing area, for example. At the same time, under the control 
of the optimum-recording-power detecting device, a recording laser power is 
changed sequentially step -by-step, and the test writing data is recorded into 
the OPC area. More specifically, the "test writing data" of the present 
5 invention is classified to an "OPC pit" and an "OPC pattern". For example, a 
recording pit test-written into the OPC area for detection of the optimum 
recording power is referred to as the "OPC pit", as occasion demands. Then, 
a pit pattern, normally including a plurality of OPC pits and recorded in one 
power step (i.e. with a constant recording laser power) for the OPC process, is 
10 referred to as the "OPC pattern". 
[0016] 

Then, after completion of such test writing of the test writing data in 
the OPC area, for example, under the control of the optimum-recording-power 
detecting device, the test-written OPC pattern is reproduced, and the 

15 reproduced OPC pattern is sequentially sampled, to thereby obtain the 
optimum recording power. Incidentally, more specifically, by virtue of 
pre-format address information expressed by a land pre-pit, for example, it is 
possible to match the timing between the recording and the reproduction of 
the OPC pattern which is the test writing data, so that the OPC process can 

20 be performed. 
[0017] 

Particularly in the present invention, in the "data area portion" of the 
present invention having the length which is equal to or less than the 
allowable defect length in the predetermined error correction method, within 
25 the data area of WO Media (Write Once Media), such as a CD-R, a DVD-R, 
and a BD (Blu-ray Disc)-R, i.e. the write once type (or recordable) information 
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recording medium, the OPC process is performed to thereby obtain the 
optimum recording power, under the control of the optimum -recording-power 
detecting device. The "allowable defect length" herein is the maximum 
length of a defect whose generation is accepted. More specifically, the 
5 allowable defect length is the maximum length of a physical defect whose 
generation is accepted in the information recording surface because the 
information (or the data information) , such as user data, can be restored by 
the error correction even if dropout, such as a random error or a burst error, 
occurs by an error correction unit with a predetermined information amount, 
10 such as 1ECC block, for example, at the time of reproduction. 
[0018] 

Next, according to the information recording apparatus of the present 
invention, under the control of the controlling device, the information is 
recorded with the optimum recording power, by the recording device, by 
15 regarding the data area portion where the OPC process is performed as a 
normal unrecorded data area. Namely, in the data area portion where the 
OPC pattern is recorded, the information is overwritten therein, or written 
with the data area portion avoided. 
[0019] 

20 Then, the information overwritten within the data area portion or 

recorded with the data area portion avoided causes a burst error or the like 
because of destruction of the information recorded associated with the data 
area portion; however, the amount of the information is smaller than the 
allowable defect length, so that the information can be restored and 

25 reproduced. In other words, if the information recorded in the data area is 
error-corrected in the predetermined error correction method at the time of 
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reproduction, the test writing data is treated the same as defect data. At 
that time, particularly, the test writing data is recorded with the length which 
is equal to or less than the allowable defect length in the predetermined error 
correction method, so that it is possible to eliminate the test writing data 
5 without difficulty as a part of defect in the predetermined error correction 
method, and thus the information can be reproduced without difficulty. 
[0020] 

Thus, it is possible to realize a compatibility or balance between the 
OPC process in the data area and the normal recording and reproduction of 
10 the information. 
[0021] 

Consequently, according to the information recording apparatus of the 
present invention, the OPC process is performed not in the OPC area on the 
inner or outer circumferential side, but in the area into which the data is 

15 actually recorded, such as the data area, so that it is possible to accurately 
detect the value of the optimum recording power corresponding to the 
variations in recording features of the information recording surface of the 
optical disc. Thus, the OPC process is performed even on the optical disc 
whose variations in the recording features are unknown, in the area into 

20 which the data is actually recorded, and in the OPC process, it is possible to 
perform the recording operation with the detected optimum recording power. 
[0022] 

In addition, even in the case where the OPC area or the like is not 
large enough or where the OPC area is run out, the OPC process can be 
25 performed if the unrecorded data area remains. Thus, it is possible to 
continue the recording operation and extend the lifetime of the optical disc. 
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[0023] 

Moreover, the OPC process is performed in the data area portion 
within the data area, which is the area into which the data is actually 
recorded, so that it is unnecessary to displace the optical pickup or the like, to 
5 the OPC area located on the inner or outer circumferential side or the like. 
Thus, it is possible to reduce a time length required for the OPC process. 
[0024] 

In one aspect of the information recording apparatus of the present 
invention, the optimum-recording-power detecting device uses a near portion 
10 of a position into which the information is actually recorded, as the data area 
portion. 
[0025] 

According to this aspect, the OPC process is performed in the area 
into which the data is actually recorded, such as the data area, for example, 
15 so that it is possible to more accurately detect the value of the optimum 
recording power corresponding to the variations in recording features of the 
information recording surface of the optical disc. 
[0026] 

In another aspect of the information recording apparatus of the 
20 present invention, the optimum-recording-power detecting device uses a 
portion with a length which is shorter than the allowable defect length by a 
margin set in advance, as the data area portion. 
[0027] 

According to this aspect, it is possible to take advantage of the 
25 original error correction capability other than the OPC process, within a 
range of the margin. 
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[0028] 

Thus, it is possible to more certainly realize a compatibility or balance 
between the OPC process in the data area and the normal information 
recording and reproduction. 
5 [0029] 

In another aspect of the information recording apparatus of the 
present invention, the optimum-recording-power detecting device uses a 
portion other than a portion where a synchronization signal is recorded in the 
data area, as the data area portion. 
10 [0030] 

According to this aspect, there is no chance to prevent the 
reproduction of the sync (or synchronization) signal necessary for the 
recording and the reproduction. 
[0031] 

15 Thus, it is possible to more certainly realize a compatibility or balance 

between the OPC process in the data area and the normal information 
recording and reproduction. 
[0032] 

In another aspect of the information recording apparatus of the 
20 present invention, the optimum-recording-power detecting device uses a 
portion with a length within a tolerance of a tracking servo error in tracking 
servo when the information is recorded or reproduced, as the data area 
portion. 
[0033] 

25 According to this aspect, the portion with the length within the 

tolerance of the tracking servo error in tracking servo is used, so that there is 
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no chance to make even various tracking servo inexecutable because of the 
presence of the test writing data, even if the information on the optical disc is 
reproduced by a drive in the tracking servo system. More specifically, the 
"length within the tolerance of the tracking servo error in tracking servo" is 
5 the maximum length of a physical defect which is accepted in the normal 
control of various tracking servo, when the information on the optical disc is 
recorded or reproduced by the information recording apparatus adopting 
different types of tracking servo. Incidentally, a push-pull tracking method 
is adopted in a CD-R, a DVD-R, or a BD-R recording apparatus, and a 

10 tracking method by phase difference is adopted a CD-ROM or DVD-ROM 
read-only drive. More specifically, in the case of a DVD-R or a BD-R, the 
OPC process is performed in the area with the length which is equal to or less 
than the allowable defect length, in unrecorded one ECC block in the data 
area, for example. Alternatively, in the case of a CD-R, the OPC process is 

15 performed in the area with the length which is equal to or less than the 
allowable defect length, in an unrecorded block composed of continuous 4 
sectors. In particular, it is desirable to perform the OPC process in an area 
with a length which is about 70% of the allowable defect length. 
[0034] 

20 In another aspect of the information recording apparatus of the 

present invention, the optimum-recording-power detecting device uses a 
portion with a length which is equal to or less than the allowable defect 
length, by each error correction unit (ECC block) in the predetermined error 
correction method, as the data area portion. 

25 [0035] 

According to this aspect, even if the test writing data is large data, 
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such as beyond the allowable defect length, with respect to the error 
correction unit, such as one ECC block, the error correction can be performed 
by each error correction unit. 
[0036] 

5 In another aspect of the information recording apparatus of the 

present invention, the optimum-recording-power detecting device distributes 
the data area portion into a plurality of error correction units in the 
predetermined error correction method, in a form of a divided portion with a 
length which is equal to or less than the allowable defect length, if the test 
10 writing data is longer than the allowable defect length. 
[0037] 

According to this aspect, even if the test writing data is extremely 
huge data, such as beyond the allowable defect length, with respect to the 
error correction unit, such as one ECC block, the error correction can be 
15 performed by each error correction unit. 
[0038] 

More specifically, in the case of the recording with n stages of power 
steps (wherein n is a natural number) in one OPC process, n pieces of OPC 
patterns are distributed at least one by one and recorded with different 
20 recording laser powers, in the n pieces of distributed data area portions with 
the length which is equal to or less than the allowable defect length in each 
error correction unit (ECC block). 
[0039] 

In another aspect of the information recording apparatus of the 
25 present invention, the information recording medium has an exclusive test 
writing area to write therein the test writing data, apart from the data area, 
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and the optimum-recording-power detecting device firstly obtains the 
optimum recording power, by recording the test writing data into the 
exclusive test writing area by using the recording device before recording the 
test writing data into the data area portion, and records the test writing data 
5 into the data area portion after the exclusive test writing area is filled up with 
the test writing data. 
[0040] 

According to this aspect, the OPC process in the exclusive test writing 
area, such as the normal OPC area, can be also performed, and it can be 
10 firstly judged whether or not the information recording apparatus can 
perform the normal OPC process. Thus, it is possible to realize the OPC 
process, more certainly, in the data area. 
[0041] 

In addition, it is possible to reduce the exclusive test writing area, 
15 such as the OPC area for the primary OPC process, to the minimum 
necessary. Then, if the exclusive test writing area runs short, the OPC 
process in the data area is secondarily used, which allows efficient use of the 

r 

information recording medium. 
[0042] 

20 (Information Recording Method) 

Hereinafter the information recording method of the present 
invention will be explained. 
[0043] 

The above object of the present invention can be also achieved by an 
25 information recording method on an information recording apparatus 
provided with a recording device capable of recording information into a data 
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area of an information recording medium, by irradiating laser light, in 
conformity with a predetermined error correction method, the information 
recording method provided with' an optimum-recording-power detecting 
process of obtaining an optimum recording power of the laser light, by 
5 recording test writing data into a data area portion with a length which is 
equal to or less than an allowable defect length in the predetermined error 
correction method, within the data area, by using the recording device! and a 
controlling process of controlling the recording device to record the 
information into the data area with the obtained optimum recording power. 
10 [0044] 

According to the information recording method of the present 
invention, as in the case of the above-mentioned information recording 
apparatus of the present invention, the OPC process is performed not in the 
OPC area on the inner or outer circumferential side, but in the area into 

15 which the data is actually recorded, such as the data area, so that it is 
possible to accurately detect the value of the optimum recording power 
corresponding to the variations in recording features of the information 
recording surface of the optical disc. Thus, the OPC process is performed 
even on the optical disc whose variations in the recording features are 

20 unknown, in the area into which the data is actually recorded, and in the 
OPC process, it is possible to perform the recording operation with the 
detected optimum recording power. 
[0045] 

Incidentally, even the information recording method of the present 
25 invention can adopt the same aspects as the various aspects of the 
above-mentioned information recording apparatus of the present invention, 
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as occasion demands. 
[0046] 

(Information Recording / Reproducing Apparatus) 

Hereinafter the information recording / reproducing apparatus of the 
5 present invention will be explained. 
[0047] 

The above object of the present invention can be also achieved by an 
information recording / reproducing apparatus provided with- the 
above-mentioned information recording apparatus of the present invention 
10 (including its various aspects); and a reproducing device for reproducing the 
information from the information recording medium. 
[0048] 

According to the information recording / reproducing apparatus of the 
present invention, it is possible to receive the same various benefits as those 
15 in the case of the above-mentioned information recording apparatus, and it is 
also possible to reduce the information by using the reproducing device, 
provided with an optical pickup, a RF detector, or the like, for example. 
[0049] 

Incidentally, even the information recording / reproducing apparatus 
20 of the present invention can adopt the same aspects as the various aspects of 
the above-mentioned information recording apparatus of the present 
invention, as occasion demands. 
[0050] 

(Information Recording / Reproducing Method) 
25 Hereinafter the information recording / reproducing method of the 

present invention will be explained. 
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[0051] 

The above object of the present invention can be also achieved by an 
information recording / reproducing method provided with: the 
above-mentioned information recording method of the present invention 
5 (including its various aspects); and a reproducing process of reproducing the 
information from the information recording medium. 
[0052] 

According to the information recording / reproducing method of the 
present invention, it is possible to receive the same various benefits as those 
10 in the case of the above-mentioned information recording / reproducing 
apparatus, and it is also possible to reduce the information by using the 
reproducing process, provided with an optical pickup, a RF detector, or the 
like, for example. 
[0053] 

15 Incidentally, even the information recording / reproducing method of 

the present invention can adopt the same aspects as the various aspects of the 
above-mentioned information recording / reproducing apparatus of the 
present invention, as occasion demands. 
[0054] 

20 (Computer Program) 

Hereinafter the computer programs of the present invention will be 
explained. 
[0055] 

The above object of the present invention can be also achieved by a 
25 first computer program of instructions for recording control and for tangibly 
embodying a program of instructions executable by a computer provided in 
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the above-mentioned information recording apparatus of the present 
invention (including its various aspects), the computer program making the 
computer function as at least one portion of the recording device, the 
optimum -recording-power detecting device, and the controlling device. 
5 [0056] 

According to the first computer program of the present invention, the 
above-mentioned embodiment of the information recording apparatus of the 
present invention can be relatively easily realized as a computer reads and 
executes the computer program from a program storage device, such as a 
10 ROM, a CD-ROM, a DVD-ROM, and a hard disk, or as it executes the 
computer program after downloading the program through a communication 
device. 
[0057] 

Incidentally, even the first computer program of the present invention 
15 can adopt the same aspects as the various aspects of the above-mentioned 
information recording apparatus of the present invention, as occasion 
demands. 
[0058] 

The above object of the present invention can be also achieved by a 
20 second computer program of instructions for recording / reproduction control 
and for tangibly embodying a program of instructions executable by. a 
computer provided in the above-mentioned information recording / 
reproducing apparatus of the present invention (including its various aspects), 
the computer program making the computer function as at least one portion 
25 of the information recording apparatus and the reproducing device. 
[0059] 
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According to the second computer program of the present invention, 
the above-mentioned embodiment of the information recording / reproducing 
apparatus of the present invention can be relatively easily realized as a 
computer reads and executes the computer program from a program storage 
5 device, such as a ROM, a CD-ROM, a DVD-ROM, and a hard disk, or as it 
executes the computer program after downloading the program through a 
communication device. 
[0060] 

Incidentally, even the second computer program of the present 
10 invention can adopt the same aspects as the various aspects of the 
above-mentioned information recording / reproducing apparatus of the 
present invention, as occasion demands. 
[0061] 

The above object of the present invention can be also achieved by a 
15 first computer program product in a computer-readable medium for tangibly 
embodying a program of instructions executable by a computer provided in 
the information recording apparatus of the present invention (including its 
various aspects), the computer program product making the computer 
function as at least one portion of the recording device, the 
20 optimum-recording-power detecting device, and the controlling device. 
[0062] 

According to the first computer program product of the present 
invention, at least one portion of the recording device, the 
optimum -recording-power detecting device, and the controlling device of the 
25 present invention described above can be embodied relatively readily, by 
loading the computer program product from a recording medium for storing 
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the computer program product, such as a ROM (Read Only Memory), a 
CD-ROM (Compact Disc - Read Only Memory), a DVD-ROM (DVD Read Only 
Memory), a hard disk or the like, into the computer, or by downloading the 
computer program product, which may be a carrier wave, into the computer 
5 via a communication device. More specifically, the computer program 
product may include computer readable codes to cause the computer (or may 
comprise computer readable instructions for causing the computer) to 
function as at least one portion of the recording device, the 
optimum -recording-power detecting device, and the controlling device. 
10 [0063] 

The above object of the present invention can be also achieved by a 
second computer program product in a computer-readable medium for 
tangibly embodying a program of instructions executable by a computer 
provided in the information recording / reproducing apparatus of the present 
15 invention (including its various aspects), the computer program product 
making the computer function as at least one portion of the information 
recording apparatus and the reproducing device. 
[0064] 

According to the second computer program product of the present 
20 invention, at least one portion of the information recording apparatus and the 
reproducing device of the present invention described above can be embodied 
relatively readily, by loading the computer program product from a recording 
medium for storing the computer program product, such as a ROM (Read 
Only Memory), a CD-ROM (Compact Disc - Read Only Memory), a DVD-ROM 
25 (DVD Read Only Memory), a hard disk or the like, into the computer, or by 
downloading the computer program product, which may be a carrier wave, 
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into the computer via a communication device. More specifically, the 
computer program product may include computer readable codes to cause the 
computer (or may comprise computer readable instructions for causing the 
computer) to function as at least one portion of the information recording 
5 apparatus and the reproducing device. 
[0065] 

These effects and other advantages of the present invention become 
more apparent from the following embodiments. 
[0066] 

10 As explained above, according to the information recording apparatus 

or method, and the information recording / reproducing apparatus or method, 
of the present invention, it is provided with- the recording device; the 
optimum-recording-power detecting device or process, and the controlling 
device or process, and the OPC process is performed in the data area. Thus, 

15 it is possible to accurately detect the value of the optimum recording power 
corresponding to the variations in recording features of the information 
recording surface of the optical disc. Moreover, according to the computer 
program for recording control, the OPC process is performed in the area into 
which the data is actually recorded, such as the data area, so that it is 

20 possible to accurately detect the value of the optimum recording power 
corresponding to the variations in recording features of the information 
recording surface of the optical disc. Moreover, according to the computer 
program for recording / reproduction control, the OPC process is performed in 
the area into which the data is actually recorded, such as the data area, so 

25 that it is possible to accurately detect the value of the optimum recording 
power corresponding to the variations in recording features of the information 
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recording surface of the optical disc. 

Brief Description of Drawings 
[0067] 

5 [FIG. l] FIG. 1 is a substantial plan view showing the basic structure of an 
optical disc in an embodiment of the information recording medium of the 
present invention, the optical disc having a plurality of recording areas, in the 
upper part, in association with a schematic conceptual view showing a 
recording area structure in the radial direction in the lower part. 

10 [FIG. 2] FIG. 2 is a block diagram conceptually showing the basic structure 
of an information recording / reproducing apparatus in a first embodiment of 
the information recording apparatus of the present invention. 
[FIG. 3] FIG. 3 is a group of schematic timing charts showing one OPC 
process in the case of 11 power-steps on the information recording / 

15 reproducing apparatus in the first embodiment of the information recording 
apparatus of the present invention. 

[FIG. 4] FIG. 4 is a schematic signal amplitude diagram showing a 
reproduction RF signal in one OPC process in the case of 11 power-steps on 
the information recording / reproducing apparatus in the first embodiment of 

20 the information recording apparatus of the present invention. 

[FIG. 5] FIG. 5 is a graph showing asymmetry values plotted in respective 
power steps in one OPC process on the information recording / reproducing 
apparatus in the first embodiment of the information recording apparatus of 
the present invention. 

25 [FIG. 6] FIG. 6 is a waveform chart showing the detail of one power step out 
of one OPC process on the information recording / reproducing apparatus in 
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the first embodiment of the information recording apparatus of the present 
invention. 

[FIG. 7] FIG. 7 is a flowchart showing a flow of the OPC process and the 
recording operation, performed by the information recording / reproducing 
5 apparatus in the first embodiment of the information recording apparatus of 
the present invention. 

[FIG. 8] FIGs. 8 are schematic conceptual views showing relative positions 
where the OPC process is performed in one ECC block, by the information 
recording / reproducing apparatus in the first embodiment of the information 

10 recording apparatus of the present invention. 

[FIG. 9] FIG. 9 is a graph showing the value of the optimum recording 
power plotted in the radial direction of a general optical disc. 
[FIG. 10] FIG. 10 is a schematic conceptual view showing division of the 
OPC process by an information recording / reproducing apparatus in a second 

15 embodiment of the information recording apparatus of the present invention. 
[FIG. 11] FIG. 11 is a schematic conceptual view showing such a structure 
that the divided OPC process is distributed into a plurality of ECC blocks by 
the information recording / reproducing apparatus in the second embodiment 
of the information recording apparatus of the present invention. 

20 [FIG. 12] FIGs. 12 are schematic conceptual views showing such a structure 
that the divided OPC process is distributed into a plurality of ECC blocks and 
performed by the information recording / reproducing apparatus in third, 
fourth, and fifth embodiments of the information recording apparatus of the 
present invention (FIG. 12(a), FIG. 12(b), and FIG. 12(c), respectively). 

25 [FIG. 13] FIG. 13 is a schematic conceptual view showing such a situation 
that two of the divided OPC processes are recorded in one ECC block, by the 
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information recording / reproducing apparatus in the third embodiment of the 
information recording apparatus of the present invention. 
[FIG. 14] FIG. 14 is a schematic conceptual view showing such a structure 
that marker information is recorded into an ECC block located immediately 
5 before the ECC block where the divided OPC process is recorded by the 
information recording / reproducing apparatus in the third embodiment of the 
information recording apparatus of the present invention. 

Description of Reference Codes 
10 [0068] 

1- -center hole, 10- -track, 11 -sector, 100 -optical disc, 101 -lead-in area, 
102 -data area, 103 • lead-out area, 200 and 201 -OPC area, 300 •• 
information recording / reproducing apparatus, 301- -spindle motor, 310 ••* 
optical pickup, 311 -head amplifier, 312- - RF detector, 315 - servo circuit, 320 
15 -LD driver, 325 - wobble detector, 326 -LPP data detector, 330- -envelope 
detector, 340- -OPC pattern generator, 345 -timing generator, 350* -data 
collector, 360 - buffer, 370 - DVD modulator, 380—data ECC generator, 385 • 
buffer, 390- - interface, 400- -CPU, LB- -laser light 

20 Best Mode for Carrying Out the Invention 
[0069] 

Hereinafter, the best mode for carrying out the present invention will 
be explained in each embodiment in order, with reference to the drawings. 
[0070] 

25 (First Embodiment of Information Recording Apparatus) 

Next, with reference to FIG. 1 to FIG. 9, a detailed explanation will be 
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given for the structure and the operation of a first embodiment of the 
information recording apparatus of the present invention, and an information 
recording medium, which is a recording target of the first embodiment of the 
information recording apparatus of the present invention. 
5 [0071] 

(Information Recording Medium) 

Firstly, the basic structure of an optical disc related to the information 
recording medium, which is a recording target of the first embodiment of the 
information recording apparatus of the present invention, will be explained 

10 with reference to FIG. 1. FIG. 1 is a substantial plan view showing the basic 
structure of an optical disc in an embodiment of the information recording 
medium of the present invention, the optical disc having a plurality of 
recording areas, in the upper part, in association with a schematic conceptual 
view showing a recording area structure in the radial direction in the lower 

15 part. 
[0072] 

The information recording medium in the embodiment is a write -once 
type (or recordable) optical disc on which recording can be performed only 
once in various destructive writing methods and reproduction can be 
20 performed many times. 
[0073] 

As shown in FIG. 1, an optical disc 100 has a recording surface on a 
disc main body with a diameter of about 12 cm, as is a DVD. On the 
recording surface, the optical disc 100 is provided with: a center hole 1 as the 
25 center; an OPC area associated with the embodiment; a lead-in area 101; a 
data area 102, which is one example of the "data area" of the present 
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*1 

invention; and a lead-out area 103, from the inner to the outer 
circumferential side. Incidentally, an OPC area 201 may be further provided 
on the outer circumferential side of the lead-out area 103. 
[0074] 

5 Then, in each recording area, a track or tracks 10, such as a groove 

track and a land track, are alternately placed, spirally or concentrically, 
centered on the center hole 1. On the track 10, data is recorded by a unit of 
ECC block, which is an error correctable management unit in which 16 units 
of sectors 11 are collected. 
10 [0075] 

In the lead-in area 101 and the lead-out area 103, various information 
for controlling or managing the data recording / reproduction is recorded. 
For example, the control information is information for controlling the 
recording into and the reading in the data area 102, and it is, for example, 

15 information indicating the attribute, the type, or the like of the information 
recording medium, information for data address management, information 
for controlling the recording operation and the reading operation of an 
information recording / reproducing apparatus, such as a disc drive, for 
example, and the like. 

20 [0076] 

In the data area 102, data, such as user data, is recorded. 
Incidentally, the control information and the management information, and 
the data, which are recorded onto the information recording medium, cannot 
be always distinguished clearly according to their contents. However, the 
25 control information and the management information are information mainly 
used directly for the operation control of the information recording / 
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reproducing apparatus, such as the disc drive, whereas the data is mainly 
only a recording or reading target on the information recording / reproducing 
apparatus and is data mainly used for the data reproduction process or the 
program execution process performed by a backend or a host computer, for 
5 example. According to such a difference in their characteristics or the like, 
the data is recorded into the data zone 102, whereas the control information 
and the management information are recorded into the lead-in area 101 and 
the lead-out area 103. 
[0077] 

10 The OPC areas 200 and 201 are recording areas used in an OPC 

process described later, i.e. detection of an optimum recording power, i.e. 
calibration of a recording laser power. 
[0078] 

Particularly in the embodiment, it is not limited to the optical disc 100 
15 having the five recording areas, as shown in FIG. 1. For example, the OPC 
area 200 is not necessarily located on the innermost circumference, but may 
be located in the lead-in area 101, in the data area 102, or in the lead-out area 
103, or the like, in FIG. 1. Alternatively, it may be located between the 
lead-in area 101 and the data area 102, between the data area 102 and the 
20 lead-out area 103, or on the outer circumferential side of the lead-out area 
103, or the like. Moreover, the presence of the lead-in area 101 and the 
lead-out area 103 is also arbitrary; it is only necessary to provide at least two 
recording areas, which are the OPC area 200 into which the OPC pits or the 
OPC pattern is recorded and the data area 102 into which the record data is 
25 recorded. In addition, such OPC areas may be unified and disposed, or 
divided into a plurality of areas and disposed. 
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[0079] 

(Information Recording / Reproducing Apparatus) 

Next, with reference to FIG. 2, an explanation will be given for the 
basic structure of an information recording / reproducing apparatus in the 
5 first embodiment of the information recording apparatus of the present 
invention. FIG. 2 is a block diagram conceptually showing the basic 
structure of the information recording / reproducing apparatus in the first 
embodiment of the information recording apparatus of the present invention. 
[0080] 

10 As shown in FIG. 2, an information recording / reproducing apparatus 

300 in the embodiment is provided with: a spindle motor 301; an optical 
pickup 310; a head amplifier 311; a RF detector 312; a servo circuit 315; an 
LD driver 320; a wobble detector 325; an LPP data detector 326; an envelope 
detector 330; an OPC pattern generator 340; a timing generator 345; a data 

15 collector 350; a buffer 360; a DVD modulator 370; a data ECC generator 380; 
a buffer 385; an interface 390; and a CPU (Central Processing Unit) 400. 
[0081] 

The spindle motor 301 is constructed to rotate the optical disc 100 at a 
predetermined speed under spindle servo from the servo circuit 315 or the 
20 like. 
[0082] 

The optical pickup 310 performs the recording or the reproduction 
with respect to the optical disc 100, and is provided with a semiconductor 
laser apparatus, various lenses, actuators, or the like. More specifically, 
25 upon reproduction, the optical pickup 310 irradiates the optical disc 100 with 
laser light, as reading laser with a first power. Upon recording, the optical 



28 



pickup 310 irradiates the optical disc 100 with the laser light, with it 
modulated, as writing laser with a second power. The optical pickup 310 is 
constructed to move in the radial direction or the like of the optical disc 100 
by a not-illustrated actuator, slider, or the like, driven by the servo circuit 
5 315. 
[0083] 

The head amplifier 311 amplifies the output signal of the optical 
pickup 310 (i.e. reflected light of laser light LB), and outputs the amplified 
signal. Specifically, the head amplifier 311 outputs a RF signal as a reading 
10 signal to the RF detector 312 and the envelope detector 330, and outputs a 
push-pull signal to the wobble detector 325 and the LPP data detector 326. 
[0084] 

The RF detector 312 is constructed to detect and demodulate the RF 
signal, to thereby output reproduction data to the exterior through the buffer 
15 385 and the interface 390. Then, on external output equipment connected to 
the interface 390 (e.g. a display device, such as a liquid crystal display and a 
plasma display, or a speaker, or the like), predetermined contents are 
reproduced and outputted. 
[0085] 

20 The servo circuit 315 displaces the object lens of the optical pickup 

310, on the basis of a tracking error signal, a focus error signal, and the like, 
which are obtained by processing a received light result of the optical pickup 
310, to thereby perform various servo processes, such as tracking control and 
focus control. Moreover, the servo circuit 315 is constructed to servo-control 

25 the spindle motor 301 on the basis of a wobble signal obtained from the 
wobble of the groove tracks wobbled on the optical disc 100. 
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[0086] 

The LD drive 320 drives the semiconductor laser disposed in the 
optical pickup 310, so as to determine an optimum recording power by the 
recording and reproduction processes of the OPC pattern described later, in 
5 the OPC process described later. Then, the LD driver 320 is constructed to 
drive the semiconductor laser of the optical pickup 310, with the optimum 
recording power determined by the OPC process in the data recording. In 
the data recording, the optimum recording power is modulated in accordance 
with the record data. 
10 [0087] 

Incidentally, one specific example of the "recording device" of the 
present invention is constructed, including the spindle motor 301, the optical 
pickup 310, the servo circuit 315, and the LD driver 320 or the like, described 
above. 
15 [0088] 

The wobble detector 325 is constructed to detect a push-pull signal, 
which indicates the wobble signal, and to output the push-pull signal to the 
timing generator 345, on the basis of the output signal corresponding to the 
amount of received light from the head amplifier 311, as a detector for 
20 receiving a reflected light beam, which is disposed in the optical pickup 310. 
[0089] 

The LPP data detector 326 is constructed to detect a push-pull signal, 
which indicates a LPP signal, and to detect the pre-format address 
information, as described later, for example, on the basis of the output signal 
25 corresponding to the amount of received light from the head amplifier 311, as 
a detector for receiving a reflected light beam, which is disposed in the optical 



pickup 310. The LPP data detector 326 is also constructed to output the 

pre-format address information to the timing generator 345. 

[0090] 

The envelope detector 330 is constructed to detect the peak value and 
5 the bottom value of envelope detection of the RF signal, as the output signal 
from the head amplifier 311 in order to determine the optical recording power, 
under the control of the CPU 400, at the time of reproduction of the OPC 
pattern in the OPC process. The envelope detector 330 may include an A/D 
(Analog / Digital) converter or the like, for example. 
10 [0091] 

The OPC pattern generator 340 is constructed to output a signal 
indicating the OPC pattern, to the LD driver 320, on the basis of a timing 
signal from the timing generator 345, at the time of recording the OPC 
pattern in the OPC process before the recording operation. 
15 [0092] 

The timing generator 345 detects absolute position information based 
on the management unit of the pre-format address information (e.g. ADIP 
word), on the basis of the pre-format address information inputted from the 
LPP data detector 326, at the time of recording the OPC pattern in the OPC 

20 process. Simultaneously, it detects relative position information based on a 
slot unit (e.g. a slot unit corresponding to the length which is a natural 
number multiple of one cycle of the wobble signal) smaller than the 
management unit of the pre-format address information, on the basis of the 
cycle of the push-pull signal indicating a wobble signal. Thus, the timing 

25 generator 345 can specify a recording start position, regardless of whether or 
not the recording start position in the OPC process is started from the 
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management unit of the pre-format address information, i.e. the boundary of 
each ADIP word. After that, it generates and outputs a timing signal for 
writing the OPC pattern on the basis of the cycle of the push-pull signal 
indicating the wobble signal outputted from the wobble detector 325. On the 
5 other hand, the timing generator 345 can specify a reproduction start position, 
at the time of reproducing the OPC pattern in the OPC process, as in the 
recording. After that, it generates and outputs a timing signal for sampling 
the reproduced OPC pattern on the basis of the cycle of the push-pull signal 
indicating the wobble signal outputted from the wobble detector 325. 
10 [0093] 

The data collector 350 is mainly a general memory Specifically, it is 
constructed from an external RAM or the like, for example. The envelope 
detected by the envelope detector 330 is stored into the data collector 350. 
On the basis of this, the detection of the optimum recording power on the 
15 CPU 400, i.e. the OPC process, is performed. 
[0094] 

The buffer 360 is constructed to store therein the record data 
modulated by the DVD modulator 370, and output it to the LD driver 320. 
[0095] 

20 The DVD modulator 370 is constructed to perform DVD modulation 

on the record data, and to output it to the buffer 360. As the DVD 
modulation, for example, 8*16 modulation may be performed. 
[0096] 

The data ECC generator 380 appends a code for error correction, to 
25 the record data inputted from the interface 390. Specifically, the data ECC 
generator 380 appends an ECC code by each predetermined block unit (e.g. 
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an ECC cluster unit), and outputs it to the DVD modulator 370. 
[0097] 

The buffer 385 stores therein the reproduction data outputted from 
the RF detector 312, and outputs it to the external output equipment through 
5 the interface 390. 
[0098] 

The interface 390 receives an input of the record data or the like, from 
external input equipment, and outputs it to the data ECC generator 380. 
Moreover, the interface 390 may be constructed to output the reproduction 
10 data outputted from the RF detector 312, to the external output equipment, 
such as a speaker and a display. 
[0099] 

The CPU 400 controls the entire information recording / reproducing 
apparatus 300, by giving an instruction to each device, i.e. by outputting a 
15 system command to each device, such as the LD driver 320 and the servo 
circuit 315, in order to detect the optimum recording power. Typically, 
software for operating the CPU 400 is stored in an internal or external 
memory. 
[0100] 

20 Incidentally, one specific example of the "optimum-recording-power 

detecting device" of the present invention is constructed, including the CPU 
400, the envelope detector 330, the OPC pattern generator 340, the timing 
generator 345, and the LD driver, or the like, described above. 
[0101] 

25 Incidentally, obviously, the information recording / reproducing 

apparatus 300 shown in FIG. 2 functions as an information recording 
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apparatus capable of recording the data, mostly by virtue of the optical pickup 
310, the LD driver 320, the buffer 360, the DVD modulator 370, the data ECC 
generator 380, and other constituent elements. Moreover, obviously, it 
functions as an information reproducing apparatus capable of reproducing 
5 the data, mostly by virtue of the optical pickup 310, the head amplifier 311, 
the RF detector 312, and other constituent elements. 
[0102] 

Next, with reference to FIG. 3 to FIG. 6, an explanation will be given 
for the OPC process of detecting the optimum recording power, i.e. the 

10 calibration of the recording laser power, performed by the information 
recording / reproducing apparatus in the first embodiment of the information 
recording apparatus of the present invention. The "optimum recording 
power" herein is not limited to a literal meaning of the most suitable laser 
power for the information recording, but is a wide concept including even a 

15 laser power to the extent that information can be recorded more properly at 
the time of recording. More specifically, it is a recording laser power for 
recording, to obtain the most excellent reproduction quality, which enables 
the least influence of asymmetry and a near-minimum jitter value 
representing the quality of recording features, for example. Moreover, the 

20 "asymmetry" is a phenomenon in which a short pit becomes longer little by 
little, or a long pit becomes shorter little by little, by the same amount in the 
length direction thereof, at mass production of the optical disc. In the 
embodiment, the degree of the influence of this asymmetry is quantitatively 
expressed as an "asymmetry value" described later. Here, FIG. 3 is a group 

25 of schematic timing charts showing one OPC process in the case of 11 
power-steps on the information recording / reproducing apparatus in the first 
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embodiment of the information recording apparatus of the present invention. 
FIG. 4 is a schematic signal amplitude diagram showing a reproduction RF 
signal in one OPC process in the case of 11 power-steps on the information 
recording / reproducing apparatus in the first embodiment of the information 
5 recording apparatus of the present invention. FIG. 5 is a graph showing 
asymmetry values plotted in respective power steps in one OPC process on 
the information recording / reproducing apparatus in the first embodiment of 
the information recording apparatus of the present invention. FIG. 6 is a 
waveform chart showing the detail of one power step out of one OPC process 
10 on the information recording / reproducing apparatus in the first embodiment 
of the information recording apparatus of the present invention. 
[0103] 

In FIG. 3, the vertical axis of a graph (a) indicates the value of a 
recording laser power, and the horizontal axis thereof indicates a time axis 

15 time-divided for each power step. A graph (b) shows time sections in which 
the generated recording laser is changed alternately for a short pit pulse of 2T 
pulse and for a long pit pulse of 8T pulse and irradiated, for example. A 
graph (c) shows, with arrows, timing in which the recording laser is 
irradiated for the purpose of the calibration of 11 different laser powers. The 

20 vertical axis of a graph (d) indicates an amplitude voltage of a reproduction 
Radio Frequency (RF) signal. A graph (e) shows, with arrows, sampling 
timing for calculating an amplitude center voltage of the reproduction RF 
signal. 
[0104] 

25 In the embodiment, as shown in the graph (a) of FIG. 3, the recording 

laser for calibration is time-divided for each of the 11 power-steps and 
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irradiated with the 11 different laser powers onto the OPC area of the optical 
disc, for example. At this time, in each power-step, the recording laser 
generated by alternately changing the short pit pulse of 2T pulse and the long 
pit pulse of 8T pulse, for example, which are a test signal with the shortest pit 
5 length and a test signal with the longest pit length, of a 2-3 modulated signal, 
is irradiated to perform the recording. Here, as shown in FIG. 3, the former 
half of one power-step is assigned to a time length for recording the short pit 
pulse and regarded as a "short pit section". On the other hand, the latter 
half of the one power-step is assigned to a time length for recording the long 
10 pit pulse and regarded as a "long pit section". 
[0105] 

Incidentally, as shown in FIG.4, in one OPC process, the RF signal is 
reproduced, with respect to the time axis based on a land pre pit, as described 
above. The length in the track direction of the information recording surface, 
15 required for the one OPG process, is about 10mm in the case of a BD-R, for 
example. Moreover, in the case of a DVD-R, the length in the track direction 
required for one OPC process with 11 power steps, for example, is about 
8.5mm. 
[0106] 

20 As shown in FIG. 5, in the embodiment, a laser power corresponding 

to such a power step that "the asymmetry value = 0" is determined to be the 
optimum recording power. Incidentally, the vertical axis of FIG. 5 indicates 
such an asymmetry value "e-f and the horizontal axis indicates the power 
step. An arrow indicates such a power step that "e=f ' and "the asymmetry 

25 value = 0". 
[0107] 



As described above, the detection of the optimum recording power in 
the embodiment, i.e. the calibration of the recording laser power, is performed 
as obtaining the optimum recording power corresponding to the power step 
that "the asymmetry value = 0". In particular, it is considered that timing 
5 between the both can be on, in accordance with a predetermined reference, at 
the time of recording the OPC pattern and at the time of reproducing the OPC 
pattern. 
[0108] 

Incidentally, the number of power steps in one OPC process is not 
10 limited to 11, but may be approximately 10 to 20, for example. Alternatively, 
it may be less than or more than that. Moreover, in the embodiment, a 2T 
mark and a 8T mark are used to construct the OPC pattern; however, a 3T 
mark, a 7T mark, or the like, other than the above marks can be also used. 
[0109] 

15 Particularly in the embodiment, in the case of a DVD-R, for example, 

the length in the track direction in one power step is about 0.77mm. 
[0110] 

Next, as shown in FIG. 6, in the embodiment, with regard to each 
power-step, a plurality of 2T marks (five 2T marks in FIG. 6) are recorded 

20 with the 2T pulses into one short pit section, and a plurality of 8T marks (two 
8T marks in FIG. 5) are recorded with the 8T pulses into one long pit section. 
One pair of the short pit section and the long pit section as described above, 
i.e. a plurality of OPC pits having a predetermined pattern, is regarded as the 
"OPC pattern". The one OPC process is completed by repeatedly recording 

25 the OPC pattern as shown in FIG. 6, only by the number of the power-steps 
(i.e. 11 times), while the laser power is sequentially changed. 



[0111] 

After completion of the recording of the OPC pattern for each 
power-step, as shown in FIG. 6, with respect to the 11 power-steps in the one 
OPC process as described above, a process of reproducing this OPC pattern is 
5 performed. Specifically, after completion of the recording of the OPC pattern 
with the amount of the 11 power-steps, the laser with which the OPC area is 
irradiated is changed from the recording laser to reproduction laser (e.g. the 
laser power is changed to a reproduction laser power, which is much weaker 
than that of the recording laser power). By the irradiation of the 
10 reproduction laser, the reproduction process including envelope detection or 
the like is performed as follows. 
[0112] 

At the time of reproduction in the OPC process, the peak value and 
the bottom value of the envelope of the reproduction RF signal corresponding 

15 to the OPC pits formed in the short pit section (i.e. the 2T marks), for example, 
are sampled in the sampling timing, shown in the graph (e) of FIG. 3, by 
which the amplitude center voltage is calculated. In the graph (e) of FIG. 3, 
the value in each power-step of the calculated amplitude center voltage is 
plotted with a black circle, and an interpolation line connecting the values is 

20 shown in a solid line. In the same manner, the value in each power-step of 
the calculated amplitude center voltage of the reproduction RF signal 
corresponding to the OPC pits formed in the long pit section (i.e. the 8T 
marks) is plotted with a white circle, and an interpolation line connecting the 
values is shown in a broken line. The intersection of the two interpolation 

25 lines is shown with a double circle, and a laser power in the power-step 
corresponding to the intersection is determined to be the optimum recording 
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laser power. 
[0113] 

More specifically, as shown in FIG. 6, it is assumed that the peak 
value of the envelope of the reproduction RF signal which is reproduced in the 
5 short pit section is "a", and that the bottom value thereof is "b". Incidentally, 
the "a" and "b" are collected in the sampling timing, as described above. It is 
assumed that the mean value of the both values, i.e. the calculated amplitude 
center voltage, is "e". Namely, "e = (a+b)/2". In the same manner, it is 
assumed that the peak value of the envelope of the reproduction RF signal 
10 which is reproduced in the long pit section is "c", and that the bottom value 
thereof is "d". It is assumed that the calculated amplitude center voltage is 
»f = (c+d)/2". 
[0114] 

In the embodiment, the extent of the influence of the asymmetry is 
15 judged by comparing M e" with "f '. In FIG. 6, the amplitude center voltage "e" 
is larger than "f, and the both values disagree. Namely, the 
above-mentioned "asymmetry value" is defined as "e-f \ Then, a laser power 
corresponding to such a power step that "e=f 1 and the "asymmetry value =0", 
is determined to be the optimum recording laser power. 
20 [0115] 

(Flow of the OPC process and the recording process performed by 
information recording / reproducing apparatus in the first embodiment of the 
information recording apparatus) 

Next, with reference to FIG. 7 and FIGs. 8, an explanation will be 
25 given for a flow of the OPC process and the recording operation, performed by 
the information recording / reproducing apparatus in the first embodiment of 
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the information recording apparatus of the present invention. FIG. 7 is a 
flowchart showing a flow of the OPC process and the recording operation, 
performed by the information recording / reproducing apparatus in the first 
embodiment of the information recording apparatus of the present invention. 
5 FIGs. 8 are schematic conceptual views showing relative positions where the 
OPC process is performed in one ECC block, by the information recording / 
reproducing apparatus in the first embodiment of the information recording 
apparatus of the present invention. 
[0116] 

10 Firstly, in FIG. 7, if the optical disc 100 is loaded, firstly, a seek 

operation is performed by the optical pickup 310, under the control of the 
CPU 400. Then, various management information required for the 
recording process on the optical disc 100 is obtained, and simultaneously, the 
media type of the optical disc 100 is identified, and it is identified as a BD 

15 (Blu-ray Disc), for example (step S101). 
[0117] 

Then, in a PCA (Power Calibration Area) defined for each identified 
optical disc 100, a normal OPC process is performed once (step S102). More 
specifically, by this, it is possible to judge whether or not the drive can 
20 correctly perform the recording operation. 
[0118] 

Then, an unrecorded area in the data area is detected (step S103). 

[0119] 

Then, an area where the OPC process is not performed is detected by 
25 judging whether or not marker information described later is recorded in the 
unrecorded area detected in the step S103 (step S104). 
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[0120] 

Then, it is judged whether or not the media type of the optical disc 100 
is a DVD-R, for example (step S105). If the media type of the optical disc 100 
is not a DVD but a BD, for example (step S105- No), the OPC process is 
5 performed in a central portion or latter-half portion of one ECC block in the 
area intended to know its recording features, detected in the step S103 and 
the step S104 (step S106). This is because one OPC process is within an 
allowable defect length. More specifically, in the BD, a burst error or the like 
which is about 10mm long can be error-corrected, with respect to the length of 

10 one ECC block (about 83mm), for example. Namely, the allowable defect 
length is about 10mm. Moreover, in the case of the BD, the length required 
for one OPC process is about 10mm. Thus, as shown in FIGs. 8, by 
performing one OPC process requiring the length of about 10mm, in the 
center portion or the latter-half portion of one ECC block which is about 

15 83mm long, for example, the error correction can be sufficiently performed 
even if the recording areas are damaged or destroyed or the like, so that the 
user data can be restored. Incidentally, a synchronization signal is recorded 
in the sector at the head of 16 sectors in one ECC block, so that it is preferable 
not to perform the OPC process in the head portion of one ECC block. 

20 [0121] 

On the other hand, the case where the media type of the optical disc 
100 is the DVD-R, for example (the step S105- Yes), will be described later as 
a second embodiment. 
[0122] 

25 Then, under the control of the CPU, the optimum recording power 

detected in the OPC process in the step S106 is set so that the optical pickup 
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irradiates the laser light with the power (step S107). 
[0123] 

Then, the marker information, indicating whether or not the OPC 
process is performed in a position within a predetermined range of an ECC 
5 block located immediately before or after at least one ECC block where the 
OPC process is performed, is recorded with the optimum recording power 
detected in the OPC process in the step S106 or a step S203 described later 
(step S108). Incidentally, the details of the recording of the marker 
information will be described later. 
10 [0124] 

Then, the data, such as user data, is actually recorded with the 
optimum recording power detected in the OPC process in the step S106 or the 
step S203 described later (step S109). 
[0125] 

15 Then, under the control of the CPU, it is judged whether or not the 

recording operation is ended (step S110). Namely, it is judged whether or not 
all the data to be recorded in the recording operation is recorded, or whether 
or not an instruction to end the recording operation is given from a user. 
[0126] 

20 As a result of the judgment, if it is judged that the recording operation 

is ended (the step S110- Yes), the recording operation is ended. On the other 
hand, if it is judged that the recording operation is not ended (the step S110- 
No), the operational flow returns to the step S109 again, to continue the 
recording operation. 

25 [0127] 

Next, with reference to the above-mentioned FIG. 1, as occasion 
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demands, in addition to FIG. 9, the operation and effect of the first 
embodiment of the information recording apparatus of the present invention 
will be studied. FIG. 9 is a graph showing the value of the optimum 
recording power plotted in the radial direction of a general optical disc. 
5 Incidentally, the vertical axis indicates the value of the optimum recording 
power (mW), and the horizontal axis indicates a position in the radial 
direction (mm). 
[0128] 

As shown in FIG. 9, the fact that spin coating is used in most cases as 

10 a general method of manufacturing the write -once type optical disc, as one 
factor, triggers the variations in recording features in the position of the 
information recording surface of the write-once type optical disc. More 
specifically, it turns out that the value of the optimum recording power 
increases with movement from the inner to the outer circumferential side. 

15 Then, with respect to the optical disc, it is not desirable to apply the value of 
the optimum recording power detected in the OPC process performed in the 
OPC area 200 located on the inner circumferential side, at a constant state on 
the outer circumferential side, in terms of a proper recording operation 
corresponding to the features of the information recording surface. On the 

20 other hand, even if the value of the optimum recording power detected in the 
OPC process performed in the OPC area 201 located on the outer 
circumferential side, in addition to the OPC area 200 located on the inner 
circumferential side, is applied, it is difficult to perform the proper recording 
operation corresponding to the features of the information recording surface 

25 in the same manner, because the amount of the change in the value of the 
optimum recording power is not clear on the way to the inner circumferential 
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side from the outer circumferential side. 
[0129] 

Therefore, there is such a technical problem that it is impossible to 
use the value of the optimum recording power detected in the OPC process 
5 performed in the OPC area 200 or 201 located on the inner or outer 
circumferential side, as a proper value, in a position far away from the OPC 
area 200 or 201, such as a middle circumferential portion of the optical disc, 
for example. 
[0130] 

10 Moreover, if the data is recorded at different speeds onto the same 

optical disc, the optimum recording power also greatly depends on the 
recording speed. If writing is performed in the OPC area 200 at a different 
speed, such as a 4x speed, with the value of the optimum recording power 
detected in the OPC process performed at a lx speed, it is difficult to perform 

15 the proper recording operation corresponding to the features in the position of 
the information recording surface, which is also a technical problem. 
[0131] 

With regard to the above-mentioned technical problems, the following 
method has been used; namely, the recording features corresponding to the 

20 type of the optical disc, the position of the information recording surface, and 
the recording speed, are researched in advance, and the reference value of the 
optimum recording power based on the recording features corresponding to 
the parameters, such as the type of the optical disc, is registered in the 
firmware of a disc drive, and in the actual recording operation, the registered 

25 reference value is used to estimate the value of the optimum recording power. 
Thus, it is necessary to mount algorithm for estimating the value of the 
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optimum recording power, in the firmware program of the drive. However, a 
change in recording features is not always simple, but sometimes exponential, 
so it is anomalistic. Thus, there is a new technical problem that it is actually 
difficult to accurately estimate the amount of the change in the value of the 
5 optimum recording power. 
[0132] 

In this regard, according to the information recording / reproducing 
apparatus in the first embodiment of the information recording apparatus of 
the present invention explained with reference to FIG. 1 to FIGs. 8, the OPC 

10 process is performed not in the OPC area 200 or 201 on the inner or outer 
circumferential side, but in the area into which the data is actually recorded, 
such as the data area 102, for example, so that it is possible to accurately 
detect the value of the optimum recording power corresponding to the 
variations in recording features of the information recording surface of the 

15 optical disc. Thus, the OPC process is performed even on the optical disc 
whose variations in the recording features are unknown, in the area into 
which the data is actually recorded, and in the OPC process, it is possible to 
perform the recording operation with the optimum recording power detected 
in the OPC process. 

20 [0133] 

In addition, even in the case where the OPC area 200 or the like is not 
large enough or where the OPC area is run out, the OPC process can be 
performed if the unrecorded data area remains. Thus, it is possible to 
continue the recording operation and extend the lifetime of the optical disc. 
25 [0134] 

Moreover, the OPC process is performed in the area into which the 



data is actually recorded, such as the data area 102, for example, so that it is 
unnecessary to displace the optical pickup or the like, to the OPC area located 
on the inner or outer circumferential side or the like. Thus, it is possible to 
reduce a time length required for the OPC process. 
5 [0135] 

(Flow of the OPC process and the recording process performed by a second 
embodiment of the information recording apparatus) 

Next, with reference to the above-mentioned FIG. 7, in addition to 
FIG. 10 and FIG. 11, an explanation will be given for a flow of the OPC 

10 process and the recording operation, performed by an information recording / 
reproducing apparatus in a second embodiment of the information recording 
apparatus of the present invention. FIG. 10 is a schematic conceptual view 
showing division of the OPC process by the information recording / 
reproducing apparatus in the second embodiment of the information 

15 recording apparatus of the present invention. FIG. 11 is a schematic 
conceptual view showing such a structure that the divided OPC process is 
distributed into a plurality of ECC blocks by the information recording / 
reproducing apparatus in the second embodiment of the information 
recording apparatus of the present invention. 

20 [0136] 

The basic structure, the operation, and the OPC process or the like of 
the information recording / reproducing apparatus in the second embodiment 
are substantially the same as those in the first embodiment, explained with 
reference to FIG. 1 to FIG. 9. 
25 [0137] 

In the second embodiment, as shown in the above-mentioned FIG. 7, 
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as in the first embodiment, after the step S101 to the step S104, it is judged 
whether or not the media type of the optical disc 100 is a DVD-R, for example 
(the step S105). If the media type of the optical disc 100 is a DVD-R, for 
example (step S105- Yes), one OPC process is not within the allowable defect 
length, so that a predetermined division unit corresponding to the DVD-R is 
determined for division of the OPC process (step S201). Specifically, the 
predetermined division unit is determined as "1" power step of the OPC 
process. More specifically, in the case of the DVD-R, for example, the length 
required for one OPC process is about 8.5mm. Thus, if one OPC process is 
provided with "11" power steps, for example, the length of the "1" power step 
of the OPC process, which is the predetermined division unit, i.e. the length of 
the divided OPC process, is about 0.77mm (refer to FIG. 10). 
[0138] 

Incidentally, more specifically, the size of the divided OPC process is 
preferably smaller than the size defined in the regulation of Black Dot defect 
or Interruption defect, and is preferably set to the size of a range which can be 
corrected by PO error correction. In addition, with regard to the divided 
OPC process, it may be divided for each power step, or for each power steps. 
[0139] 

Then, a predetermined number corresponding to the DVD-R, i.e. 
how many times the divided OPC process is recorded in each ECC block, is 
determined (step S202). Specifically, it is determined such that the divided 
OPC process is recorded "1" time or once in each ECC block. 
[0140] 

Then, the divided OPC process is performed by the predetermined 
number determined, in each ECC block (step S203). Specifically, the "1" 
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power step of the OPC process, constructed from the 2T pulse and the 8T 
pulse, for example, is recorded only once in each ECC block (refer to FIG. 11). 
Incidentally, with regard to a position where the divided OPC process is 
recorded, the sector at the head of 1ECC block where the synchronization 
5 signal is recorded, or the like is desirably avoided, and the center portion or 
the latter-half portion is desirable. Thus, one OPC process is distributed 
into a total of "11" ECC blocks and performed. More specifically, in the 
DVD-R or CD-R or the like, a burst error or writing error caused by 
out-of-control tracking servo, which is about 5mm long, can be corrected, with 

10 respect to the length of one ECC block (about 83mm), for example. Namely, 
the allowable defect length is about 5mm. Thus, by virtue if "1" power step 
of the OPC process requiring the length of about 0.77mm, the error correction 
can be sufficiently performed even if the recording areas are damaged or 
destroyed or the like in one ECC block, so that the user data can be restored. 

15 [0141] 

The subsequent recording operation or the like is the same as that 
explained in the first embodiment in the above-mentioned FIG. 7. 
[0142] 

(Flow of the OPC process and the recording process performed by a third 
20 embodiment of the information recording apparatus) 

Next, with reference to the above-mentioned FIG. 7, in addition to 
FIG. 12(a), FIG. 13, and FIG. 14, an explanation will be given for a flow of the 
OPC process and the recording operation, performed by an information 
recording / reproducing apparatus in a third embodiment of the information 
25 recording apparatus of the present invention. FIG. 12(a) is a schematic 
conceptual view showing such a structure that the divided OPC process is 
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distributed into a plurality of ECC blocks and performed by the information 
recording / reproducing apparatus in the third embodiment of the information 
recording apparatus of the present invention. FIG. 13 is a schematic 
conceptual view showing such a situation that two of the divided OPC 
processes are recorded in one ECC block, by the information recording / 
reproducing apparatus in the third embodiment of the information recording 
apparatus of the present invention. FIG. 14 is a schematic conceptual view 
showing such a structure that marker information is recorded into an ECC 
block located immediately before the ECC block where the divided OPC 
process is recorded by the information recording / reproducing apparatus in 
the third embodiment of the information recording apparatus of the present 
invention. 
[0143] 

The basic structure, the operation, and the OPC process or the like of 
the information recording / reproducing apparatus in the third embodiment 
are substantially the same as those in the first and second embodiments, 
explained with reference to FIG. 1 to FIG. 11. 
[0144] 

In the third embodiment, as shown in the above-mentioned FIG. 7, as 
in the second embodiment, as a result of the step S105, if the media type of 
the optical disc 100 is a DVD-R, for example (step S105- Yes), one OPC 
process is not within the allowable defect length, so that the predetermined 
division unit corresponding to the DVD-R is determined for division of the 
OPC process (the step S201). Specifically, the predetermined division unit is 
determined as "1" power step of the OPC process. More specifically, in the 
case of the DVD-R, for example, as described above, the length of the "1" 
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power step of the OPC process, which is the predetermined division unit, i.e. 
the length of the divided OPC process, is about 0.77mm (refer to the 
above-mentioned FIG. 10). 
[0145] 

5 Then, the predetermined number corresponding to the DVD-R, i.e. 

how many times the divided OPC process is recorded in each ECC block, is 
determined (the step S202). Specifically, it is determined such that the 
divided OPC process is recorded "2" times or twice in each ECC block. 
[0146] 

10 Then, the divided OPC process is performed by the predetermined 

number determined, in each ECC block (the step S203). Specifically, the "1" 
power step of the OPC process, constructed from the 2T pulse and the 8T 
pulse, for example, is recorded only twice in each ECC block (refer to FIG. 
12(a)). Thus, one OPC process is distributed into a total of "6" ECC blocks 

15 and performed. More specifically, as described above, in the DVD-R or CD-R 
or the like, a burst error or the like, which is about 5mm long, can be 
corrected, with respect to the length of one ECC block (about 83mm), for 
example. Namely, the allowable defect length is about 5mm. Thus, by 
recording twice the "1" power step of the OPC process requiring the length of 

20 about 0.77mm, the error correction can be sufficiently performed even if the 
recording areas are damaged or destroyed or the like, by about 1.54mm 
(about 0.77mmX2) in one ECC block, so that the user data can be restored 
(refer to FIG. 13). 
[0147] 

25 Then, in the above-mentioned step S107, the marker information, 

indicating whether or not the OPC process is performed in a position within a 
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predetermined range of an ECC block located immediately before or after at 
least one ECC block where the OPC process is performed, is recorded with the 
set optimum recording power (the step S108). Specifically, as shown in FIG. 
14, out of the data area 102, in a position within the predetermined range of 
5 the first and second ECC blocks, located immediately before "6" ECC blocks, 
which are third to the eighth, where the divided OPC process is performed, 
the marker information is recorded with the optimum recording power. 
Thus, in the above-mentioned step S104, it is possible to easily detect the area, 
such as the subsequent third to eighth ECC blocks, for example, where the 
10 OPC process is not performed, by judging whether or not the marker 
information is recorded in the first and second ECC blocks (the step S104). 
Incidentally, the reason that the marker information is recorded into the "2" 
ECC blocks, which are the first and the second, is to improve reliability. 
[0148] 

15 The subsequent recording operation or the like is the same as that 

explained in the first embodiment in the above-mentioned FIG. 7. 
[0149] 

(Flow of the OPC process and the recording process performed by a fourth 
embodiment of the information recording apparatus) 

20 Next, with reference to the above-mentioned FIG. 7, in addition to 

FIG. 12(b), , an explanation will be given for a flow of the OPC process and 
the recording operation, performed by an information recording / reproducing 
apparatus in a fourth embodiment of the information recording apparatus of 
the present invention. FIG. 12(b) is a schematic conceptual view showing 

25 such a structure that the divided OPC process is distributed into a plurality of 
ECC blocks and performed by the information recording / reproducing 



apparatus in the fourth embodiment of the information recording apparatus 

of the present invention. 

[0150] 

The basic structure, the operation, and the OPC process or the like of 
5 the information recording / reproducing apparatus in the fourth embodiment 
are substantially the same as those in the first, second, and third 
embodiments, explained with reference to FIG. 1 to FIG. 12(a). 
[0151] 

In the fourth embodiment, as shown in the above-mentioned FIG. 7, 
10 as in the second embodiment, as a result of the step S105, if the media type of 
the optical disc 100 is a DVD-R, for example (step S105* Yes), one OPC 
process is not within the allowable defect length, so that the predetermined 
division unit corresponding to the DVD-R is determined for division of the 
OPC process (the step S201). Specifically, the predetermined division unit is 
15 determined as "2" power steps of the OPC process. More specifically, in the 
case of the DVD-R, for example, as described above, the length of the "2" 
power steps of the OPC process, which is the predetermined division unit, i.e. 
the length of the divided OPC process, is about 1.54mm (about 0.77X2) (refer 
to FIG. 12(b)). 
20 [0152] 

Then, the predetermined number corresponding to the DVD-R, i.e. 
how many times the divided OPC process is recorded in each ECC block, is 
determined (the step S202). Specifically, it is determined such that the 
divided OPC process is recorded "1" time or once in each ECC block. 
25 [0153] 

Then, the divided OPC process is performed by the predetermined 



number determined, in each ECC block (the step S203). Specifically, the "2" 
power steps of the OPC process, constructed from the 2T pulse and the 8T 
pulse, for example, are recorded only once in each ECC block. Thus, one 
OPC process is distributed into a total of "6" ECC blocks and performed (refer 
to FIG. 12(b)). More specifically, as described above, in the DVD-R or CD-R 
or the like, a burst error or the like, which is about 5mm long, can be 
corrected, with respect to the length of one ECC block (about 83mm), for 
example. Namely, the allowable defect length is about 5mm. Thus, by 
recording once the "2" power steps of the OPC process requiring the length of 
about 1.54mm, the error correction can be sufficiently performed even if the 
recording areas are continuously damaged or destroyed or the like, by about 
1.54mm (about 0.77mm X 2) in one ECC block, so that the user data can be 
restored (refer to FIG. 13). 
[0154] 

The subsequent recording operation or the like is the same as that 
explained in the third embodiment in the above-mentioned FIG. 7. 
[0155] 

(Flow of the OPC process and the recording process performed by a fifth 
embodiment of the information recording apparatus) 

Next, with reference to the above-mentioned FIG. 7, in addition to 
FIG. 12(c), an explanation will be given for a flow of the OPC process and the 
recording operation, performed by an information recording / reproducing 
apparatus in a fifth embodiment of the information recording apparatus of 
the present invention. FIG. 12(c) is a schematic conceptual view showing 
such a structure that the divided OPC process is distributed into a plurality of 
ECC blocks and performed by the information recording / reproducing 
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apparatus in the fifth embodiment of the information recording apparatus of 

the present invention. 

[0156] 

The basic structure, the operation, and the OPC process or the like of 
5 the information recording / reproducing apparatus in the fifth embodiment 
are substantially the same as those in the first, second, third, and fourth 
embodiments, explained with reference to FIG. 1 to FIGs. 12. 
[0157] 

In the fifth embodiment, as shown in the above-mentioned FIG. 7, as 
10 in the second embodiment, as a result of the step S105, if the media type of 
the optical disc 100 is a DVD-R, for example (step S105: Yes), one OPC 
process is not within the allowable defect length, so that the predetermined 
division unit corresponding to the DVD-R is determined for division of the 
OPC process (the step S201). Specifically, the predetermined division unit is 
15 determined as "2" power steps of the OPC process. More specifically, in the 
case of the DVD-R, for example, as described above, the length of the "2" 
power steps of the OPC process, which is the predetermined division unit, i.e. 
the length of the divided OPC process, is about 1.54mm (about 0.77mm X 2) 
(refer to FIG. 12(c)). 
20 [0158] 

Then, the predetermined number corresponding to the DVD-R, i.e. 
how many times the divided OPC process is recorded in each ECC block, is 
determined (the step S202). Specifically, it is determined such that the 
divided OPC process is recorded "2" times or twice in each ECC block. 
25 [0159] 

Then, the divided OPC process is performed by the predetermined 
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number determined, in each ECC block (the step S203). Specifically, the "2" 
power steps of the OPC process, constructed from the 2T pulse and the 8T 
pulse, for example, is recorded only twice in each ECC block. Thus, one OPC 
process is distributed into a total of "4" ECC blocks and performed (refer to 
FIG. 12(c)). More specifically, as described above, in the DVD-R or CD-R or 
the like, a burst error or the like, which is about 5mm long, can be corrected, 
with respect to the length of one ECC block (about 83mm), for example. 
Namely, the allowable defect length is about 5mm. Thus, by recording twice 
the "2" power steps of the OPC process requiring the length of about 1.54mm, 
the error correction can be sufficiently performed even if the recording areas 
are damaged or destroyed or the like, by about 3.08mm (about 1.54mm X 2) in 
one ECC block, so that the user data can be restored (refer to FIG. 13). 
[0160] 

The subsequent recording operation or the like is the same as that 
explained in the third embodiment in the above-mentioned FIG. 7. 
[0161] 

In the embodiments, as one specific example of the information 
recording apparatus, an information recording / reproducing apparatus for 
the write-once type optical disc, which is a large -volume recording medium, 
such as a CD-R, a DVD-R, and a BD-R, is explained. The present invention, 
however, can be also applied to an information recording / reproducing 
apparatus for a rewritable type optical disc, which is a large-volume recording 
medium, such as a CDR/W, a DVDR/W, and a BD-RE (Bhrray Disc 
RE writable). 
[0162] 

The present invention is not limited to the above-described 
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embodiments, and various changes may be made, if desired, without 
departing from the essence or spirit of the invention which can be read from 
the claims and the entire specification. An information recording apparatus 
for and an information recording method of detecting the optimum recording 
power, which involve such changes, are also intended to be within the 
technical scope of the present invention. 

Industrial Applicability 
[0163] 

The information recording apparatus and method, the information 
recording / reproducing apparatus and method, and the computer program of 
the present invention can be applied to a DVD recorder, a DVD player, or the 
like, for example. Moreover, they can be also applied to an information 
recording apparatus and the like, which are mounted on or which can be 
connected to various computer equipment for consumer use or for business 
use, for example. 
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